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ABSTRACT 


Extensive  analyses  were  made  of  the  of  the  number,  size,  and  distri¬ 
bution  of  refractive  type  reactive  sites  in  model  grains  aged  at  110,  120  and 
130°F.  Another  grain  aged  at  l80°F  showed  the  formation  of  only  very  few 
aging  sites.  The  analyses  led  to  mapping  of  the  sites  on  the  bases  of  con¬ 
tours  proportional  to  the  volume  concentration  of  the  sites.  The  volume  con¬ 
centration  was  greatest  in  the  samples  aged  at  UOttF  and  decreased  with  in¬ 
creasing  aging  temperature.  This  effect  was  interpreted  in  terms  of  a  volatile 
component  whose  residence  time  in  the  model  grains  was  a  function  of  the 
temperature. 

A  further  analysis  of  colored  reaction  sites  was  made.  A  blue  halo 
observed  by  dark  field  phase  contrast  optics  was  explained  in  terms  of  Rayleigh 
scattering  from  molecular  size  particles.  The  color  of  these  sites  seemed  to 
be  caused  by  the  oxidation  state  of  the  iron  compounds  in  the  propellant  and 
to  be  indicative  of  the  oxidation  state  of  the  environment. 

Chemical  analyses  by  chromatography  and  infrared  indicated  that  visibly 
degraded  propellant  differed  from  aged,  non-degraded  propellant  only  in  the 
size  of  the  fragments.  Both  propellants  contained  fragments  which  were 
chemically  identical  and  typical  for  a  polyurethane  system. 
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MICROSCOPIC  AND  MICROCHEMICAL  STUDY  CF 
AGED  SOLID  FROFELLA  NT  GRAINS 


I.  INTRODUCTION 

This  is  the  third  Quarterly  Technical  Report  submitted  in  partial  ful¬ 
fillment  of  the  requirements  of  Contract  AF  OL(6ll ) —11637 .  The  report  covers 
the  period  1  February  1967  to  30  April  1967. 

The  objectives  of  this  study  are  to  determine  the  course  of  the  chemical 
aging  process  cr  processes  in  solid  propellant  formulations  and  to  define  the 
effects  of  these  degradative  chemical  processes  on  +he  mechanical  and  ballistic 
properties  of  the  propellant. 

In  accordance  with  these  general  objectives,  the  studies  have  been 
divided  into  two  phases.  The  objectives  in  Phase  I  are  to  determine  the 
structure,  size  and  distribution  of  microscopic  reaction  sites  in  solid  pro¬ 
pellants  as  a  function  of  age,  formulation  and  storage  environments;  and  to 
optically  characterize  and  chemically  analyze  the  reaction  intermediates  and 
products.  In  Phase  II  the  mechanistic  course  of  the  aging  process  will  be 
defined. 


Work  during  the  third  quarter  consisted  of  acquisition  of  samples  from 
full-scale,  fi  Id-aged  motors,  monitoring  the  accelerated  aging  in  model 
grains,  optical  microscopic  studies,  and  wet  chemical  studies. 

II.  PROPELLANT  ACQUISITION 

A.  HAWK  MCI  OR  15121 

Hawk  Motor  15121  is  part  of  a  surveillance  program  and  was  re¬ 
trieved  for  analysis  after  5^  years.  It  has  been  cut  into  the  major  sections 
shown  in  Figure  1.  Samples  removed  from  the  cutting  face  between  sections  6 
and  7  were  examined  and  preliminary  data  are  included  in  Section  III.D. 

B.  MINUTEMAN  MOTCR  7601L 

An  fl2-lb  section  (J-19)  of  Minuteman  Motor  7601u  was  received 
from  the  Thiokol  Chemical  Corporation.  Propellant  samples  were  microtomed 
from  the  bore  and  case  surface,  and  thin  sections  were  prepared  and  studied 
with  the  microscope.  No  significant  features  were  observed.  The  sample  is 
being  retained  for  chemical  studies. 

C.  MODEL  AGING  GRAINS 

In  order  to  supplement  the  study  of  field  propellants  which  were 
aged  in  an  uncontrolled  environment,  some  model  grains  were  cast  and  aged  in 
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a  controlled  environment.  The  results  have  been  fruitful  and  greater  emphasis 
has  been  placed  on  their  analysis. 

Two  types  of  polyurethane  propellants  were  cast  into  six  grains 
which  were  stored  at  various  conditions  and  periodically  sampled.  The  grains, 
storage  conditions  and  age  at  sampling  are  given  in  Table  I. 


Table  I 

STORAGE  CONDITIONS  AND  AGING  TIME  FOR  MODEL  GRAINS 


Age  at  Sample  Time, 


Propellant  Type 

Grain 

No. 

Storage 

Temp,°F 

days 

3  month3 

6  month' 

Igniter 

180 

89 

169 

2 

120 

81* 

169 

5o 

85b 

3 

no 

89 

169 

h 

130 

81* 

169 

Bipropellant 

5 

1$0 

81* 

169 

6 

120 

99 

169 

^Nominal  time  of  aging  used  to  identify  the  samples  in  the  text. 

Grain  2  was  transferred  from  120°F  to  50°F  storage  at  the  end 
of  the  first  sampling  period. 

Since  the  grain  design  and  the  position  of  the  sample  in  the  grain 
are  pertinent  to  the  studies,  cross  sections  are  shown  at  a  scale  of  1:1  for 
the  model  igniter  (Figure  2)  and  bipropellant  (Figure  3)  grains. 

D.  POLARIS  CYCLING  UNIT 

This  grain  is  being  studied  by  chemical  methods  because  a  zone  of 
extensive  binder  degradation  is  present  along  the  bore  surface.  Characteristics 
of  this  motor  pertinent  to  this  study  have  been  described  earlier'^-'. 

III.  OPTICAL  AND  MICROSCOPIC  STUDIES 

A.  MICROSCOPIC  REACTION  SITES 

1.  General 


The  previous  quarterly  report  AFRPL-TR-67-irl  contained  (l) 
an  introductory  description  of  the  microscopic  reaction  sites  and  (2)  an 
estimate  of  their  relative  concentration  in  the  model  grains  after  3  months 
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SECTION  OF  MODEL  IGNITER  GRAIN 


SECTION  OF  MODEL  B I  PROPELLANT  GRAIN 


of  aging.  During  this  (third)  quarter  the  colored  reaction  sites  were  further 
optically  characterized  and  the  relative  concentration  of  the  refractive  type 
sites  in  the  model  grains  was  microscopically  determined. 

B.  COLORED  REACTION  SITE 

1.  Dark  Field  Phase  Illumination 

The  colored  reaction  site  photographed  in  transmitted  white 
light  has  an  absorption  halo  caused  by  fine  particles  suspended  in  the  binder 
around  a  central  aluminum  particlg  (Figure  ha).  The  same  area  is  shown  in 
Figure  Ub  in  doubly  polarized  light.  The  absorption  area  is  less  birefringent 
which  may  be  due  to  blocking  of  the  light  by  the  suspended  particle  plus 
possible  loss  of  birefringent  material.  When  the  same  area  is  viewed  by  dark 
field  phase  contrast,  a  characteristic  blue  light  is  seen  to  form  a  shell 
around  the  colored  reaction  site.  The  intensity  of  the  blue  light  is  nearly 
the  same  as  the  background  white  light  from  the  surrounding  area.  Consequently 
the  circles  of  varying  light  intensity  are  not  seen  in  a  black  and  white  photo¬ 
graph  (Figure  he).  When  a  blue  filter  is  placed  between  the  object  and  the 
photographic  film,  the  white  background  is  reduced  relative  to  the  blue  and  a 
weak  image  is  obtained.  A  photographers'  technique  of  enhancing  weakly  con¬ 
trasting  subjects  by  re  photographing  the  original  ups  used  to  produce  the 
photograph  in  Figure  hd.  The  bright  ring  is  the  halo  of  blue  light  surround¬ 
ing  the  dark  color  absorption  ring  shown  in  Figure  ha.  Surrounding  the  bright 
circle  is  a  dark  one  observed  on  the  photograph  but  not  with  the  eye  and  micro¬ 
scope.  An  additional  feature  in  this  sequence  of  photographs  is  the  bright 
spot  of  light  in  Figure  he  near  the  central  aluminum.  This  is  caused  by  a 
red-orange  gel  which  has  a  high  refractive  index  readily  detected  by  the  phase 
contrast  optics,  but  which  is  not  seen  as  an  area  of  high  intensity  with  plane 
light  in  Figure  ha.  The  phase  contrast  image  (Figure  hd)  of  this  bright  red- 
orange  zone  is  not  observed  because  the  red  light  is  blocked  by  the  blue 
filter  on  the  exit  pupil. 

2.  The  Blue  Light  Ring 

The  ring  of  blue  light  observed  by  dark  field  phase  illumi¬ 
nation  has  not  been  reported  in  the  periodical  literature  reviewed,  nor  in  any 
standard  ext  book. 

The  color  of  the  light  is  specifically  a  sky  blue.  The  color 
is  uniform,  does  not  depend  upon  its  position  relative  to  the  position  or 
number  of  the  Liesegang  ring,  nor  does  it  depend  upon  the  absorption  color  or 
the  location  in  the  propellant  of  the  reaction  site.  These  facts  suggest  a 
form  of  Rayleigh  scattering  which  gives  the  sky  a  blue  color. 

Further,  in  dark  field  phase  contrast  optics,  light  must  be 
diffracted  or  bent  to  enter  the  objective.  Any  particle  with  a  thickness  and 
refractive  index  capable  of  bending  the  light  sufficiently  to  enter  the 
objective  should  be  observed  as  a  discrete  particle.  Since  no  such  particles 
are  observed,  the  bending  is  not  the  result  of  refraction  of  the  light.  The 
only  other  mechanism  for  bending  the  light  is  scattering  by  particles. 


Discrete  particles  are  not  observed  at  the  point  source  of 
the  blue  light  in  either  plane  or  doubly  polarized  light.  Inasmuch  as  the 
microscope  has  a  resolution  limit  of  300  millimicrons  and  a  detection  limit 
of  50  millimicrons,  the  particles  causing  the  light  scattering  must  be  of 
molecular  size.  There! ^re,  it  is  concluded  that  the  blue  light  is  a  form  of 
Rayleigh  scattering  by  molecular  size  particles. 

The  la «ie  light  was  originally  observed  in  Hawk  propellant 
Uf  years  old.  The  analysis  presented  here  is  for  the  booster  propellant  from 
the  model  bipropellant  groin  aged  three  months. 

C.  DISTRIBUTION  AND  CONCENTRATION  OF  REFRACTIVE  REACTION  SITES 
IN  MODEL  [ON  ITER  MOTORS 

1.  Crnnral 


The  objectives  of  this  study  were  in  part  the  application  of 
microscopic  methods  for  determination  of  reaction  site  concentration,  distri¬ 
bution,  and  nucleate  un  rate  as  a  function  of  propellant  storage  temperature, 
time,  and  environment..  Thus,  numerical  values  are  to  be  related  to  environ¬ 
mental  variables  for  subsequent  analysis  in  terms  of  chemical  aging  mechanisms. 

The  microscopic  planimetric  procedure  for  determining  compo¬ 
sition  by  volume  was  developed  for  mineral  mosaics  in  rocks.  Data  obtained 
in  this  manner,  and  accurate  to  1%  of  each  component  mineral,  were  first 
tabulated  and  then  mapped.  This  was  the  procedure  used  to  obtain  the  slightly 
less  accurate  data  published  on  the  propellant  from  the  Polaris  Unit'll.  In 
the  model  grains  there  is  a  concentration  gradient  within  a  single  sample  so 
that  a  procedure  is  wider  development  to  directly  map  the  microscopic  data 
and  then  to  determine  i.he  volume  by  planimetric  analysis  of  the  mapped  data. 
Variations  of  the  procedure  and  accuracy  limits  will  be  tested  as  the  work 
progresses . 


2.  Planimetric  Analysis  of  Three  Month  Aging  Samples 

Samnles  were  taken  along  a  radial  axis  one  inch  from  the  erd 
of  the  model  igniter  grain.  These  were  microtomed  and  mounted  on  microscope 
slides  so  that  there  was  a  contit  u  us  series  of  thin  sections  from  case  wall 
to  ray  tip.  Thin  sections  were,  prerared  from  three  grains  aged  for  thres 
months  at  110°F,  120°F  and  130°F. 

The  thin  sections  were  mounted  on  the  mechanical  stage  of  the 
microscope,  the  entire  section  was  traversed  and  the  coordinates  of  each  re¬ 
fractive  site  recorded.  A  calibrated  grid  eyepiece  was  used  to  determine  the 
size  range  of  the  site  which  was  recorded  along  with  the  coordinates. 

The  coordinate  data  were  plotted  on  a  centimeter  grid  at  a 
scale  giving  approximately  a  1:10  enlargement,  and  a  color  code  was  used  to 
designate  size  ranges,  The  procedure  is  demonstrated  with  the  120°F  sample 
in  Figure  5  where  the  points  are  plotted  without  any  size  designation.  A 
transparent  countout  overlay  and  a  5/B"  template  circle  were  placed  over 
Figure  5  and  the  points  within  the  circle  were  totaled.  This  was  repeated 
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GRAIN  AGED  3  MONTHS  AT  120°F 
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Figure  5 


by  moving  the  circle  one  centimeter  at  a  time,  until  the  whole  figure  was 
covered.  The  number  of  reaction  sites  for  each  position  of  the  template 
circle  was  then  recorded  on  a  number  overlay  (Figure  6),  A  transparent  over¬ 
lay  was  placed  on  the  number  overlay  and  the  points  of  equal  concentration 
contoured  in.  The  resulting  map,  Figure  7,  shows  the  concentrations  of 
reaction  sites  over  the  sample  in  question. 

The  site  size  was  taken  into  account  by  assigning  a  number 
weight  to  each  reaction  site  according  to  its  area.  The  total  weighted  values 
of  all  the  points  within  the  counting  circle  were  recorded  on  the  volume  con-  * 

centrat.ion  overlay,  Figuru  8,  and  then  contoured  on  a  map  overlay.  Figure  9. 

The  weighted  map  overlay  thus  shows  the  concentration  by  volume  of  reaction 
sites  per  unit  circle  in  a  section  of  standard  thickness.  When  Figure  9  is 
compared  to  Figure  5,  the  contours  do  not  adequately  portray  the  high  fre¬ 
quency  of  points  along  the  left  side.  Therefore,  the  plot  grid  was  reduced 
to  l/h  cm  squares  and  the  counting  circle  size  to  1.0  cm  and  the  procedure 
repeated  to  produce  the  countout  of  Figure  10  and  map  in  Figure  13.  The  area 
within  each  contour  interval  on  the  l/U  cm  grid  maps  was  determined  with  a 
planimeter,  summed,  and  divided  by  the  total  sample  area,  to  yield  a  figure 
proportional  to  the  concentration  of  reaction  sites  as  volume  percent  of  the 
sample.  A  correction  factor,  to  be  determined,  must  be  applied  to  these 
values  so  that  the  mapped  values  will  be  percent  reaction  site  volume  on  the 
thin  section.  These  currently  derived  percent  values  permit  comparison  of 
the  samples  aged  at  different  temperatures  and  time  intervals. 

3.  Variation  of  Reaction  Site  Concentration  with  Storage 

Temperatures 

The  mapped  data  from  the  three  igniter  motors  are  shown  in 
Figures  11,  12,  13  and  lU.  Figures  11  and  12  represent  a  continuous  strip  of 
propellant  from  case  wall  to  ray  tip  for  grain  aged  for  3  months  at  110°F. 

The  contour  interval  on  Figures  13  and  lit  for  propellant  aged  3  months  at 
120°F  and  130°F,  respectively,  is  3%  while  on  Figures  11  and  12  (the  continuous 
strip)  is  6%.  In  all  figures  the  zero  line  is  omitted  and  a  3%  contour  is 
the  base  line.  Although  a  uniform  contour  interval  is  useful  for  comparison 
purposes,  the  contours  are  used  here  to  serve  as  area  boundaries.  The  contour 
intervals  used  are  those  expedient  for  examination  of  variables;  for  example, 
use  of  the  3%  contour  interval  on  Figure  11  would  require  doubling  the  scale 
and  the  labor  and  time  of  analysis. 

The  planimetric  analysis  yielded  values  of  37.9%  at  110°F, 

31.3%  at  120°F  and  21.2%  at  130°F.  These  are  plotted  on  a  graph  in  Figure  15 
showing  reaction  site  concentration  (in  relative  values)  vs  temperature  for 
the  first  3-month  period.  The  point  at  180°F  is  from  the  fourth  model  igniter 
grain  where  no  reaction  sites  were  visible  in  the  ray  section.  The  point  at 
150°F  is  an  estimate  from  some  previous  work  on  a  Polaris  formulation.  The 
dotted  lines  are  projected  changes  with  further  aging.  Although  the  six-month 
samples  have  been  taken,  it  is  not  yet  possible  to  estimate  the  changes  that 
may  have  occurred.  At  the  end  of  the  3-month  period,  the  120°F  samples  were 
transferred  to  a  50°F  storage ,  and  a  point  on  the  curve  at  that  temperature 
may  be  derived  for  the  sixth-month  of  aging. 
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Figure  10 


Osui 


VOLUME  CONCENTRATION  CONTOUR  MAP,  MODEL  IGNITER  GRAIN 

AGED  3  MONTHS,  110°F 


Continuation  of  Figure  11 
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Figure  12 


Volume  Concentration 
Contour  Map,  Model 
Igniter  Grain, 

Aged  3  months,  130°F 


Figure  M 


Figure  16  shows  the  location  and  size  of  refractive  sites  for 
a  Minuteman  Igniter  Motor  aged  in  a  sealed  atmosphere  at  120°F  for  3  months, 
and  Figure  17  is  a  similar  plot  for  a  Minuteman  Igniter  Motor  removed  from  a 
motor  that  had  been  in  a  silo  for  about  one  year.  The  scale  in  Figures  16, 
and  17  is  the  same  as  that  in  Figures  11— lit .  These  two  figures  are  from 
previous,  unpublished  work  and  are  included  because  the  formulations  are  the 
same  as  that  of  model  grains  and  because  the  controlled  atmosphere  introduces 
another  variable. 

U.  Discussion  of  Map  Data 

Various  aspects  of  the  reaction  sites  discerned  from  the 
mapped  data  are:  size  distribution,  number  and  volume  concentration  and 
gradients. 


Figures  16  and  17  display  four  reaction  site  size  ranges, 
in  the  sealed  motor  the  larger  sizes  appear  internally  (Figure  16)  while  in 
the  field  aged  motor  the  larger  sites  are  at  the  bore  surface  (Figure  17). 

In  the  model  grains  the  distribution  by  size  varies,  but  the  variations  have 
not  been  evaluated.  A  size  gradation  is  a  definite  characteristic  of  field 
aged  motors(l)  (see  Section  D). 

Volume  concentration  is  a  function  of  both  site  frequency 
and  size,  and  is  shown  on  the  contour  maps.  It  is  apparent  from  Figures  11 
and  12  that  there  is  a  high  volume  concentration  of  sites  at  both  the  bore 
surface  and  outer  wall  of  the  model  grains.  In  the  180°F  sample  there  are  a 
few  scattered  sites  along  the  case  wall  in  a  zone  of  complete  binder  degra¬ 
dation  about  one  cm  thick.  Figure  15  shows  that  the  reaction  rate  progres¬ 
sively  decreases  as  the  temperature  increased  from  110°  to  180°F.  Binders 
are  known  to  progressively  degrade  with  increasing  temperature.  These  apparent 
opposite  experimental  results  emphasize  the  difference  between  random  binder 
degradation' 1)  and  the  localized  reaction  around  the  aluminum  particle. 

A  study  of  the  map  distribution  yields  some  new  information 
on  diffusion  in  the  grain.  The  concentration  of  reaction  sites  is  greatest  at 
the  bore  surface  in  grains  with  an  open  bore  (Figures  13,  11  and  17),  but  the 
distribution  is  random  in  the  motor  with  the  sealed  bore  (Figure  16).  Thus, 
the  reaction  can  occur  independent  of  the  proximity  of  a  surface  and  diffusion 
of  atmospheric  agents  is  not  a  requirement  for  the  reaction. 

Furthermore,  a  relatively  high  concentration  of  reaction  sites 
is  distributed  throughout  the  area  between  the  base  of  the  ray  and  case  wall 
in  Figure  12,  while  there  is  a  low  concentration  in  the  center  of  the  rays, 
Figures  8,  10  and  12.  The  areas  of  low  concentration  appear  to  be  caused  by 
depletion  of  material  that  has  migrated  to  the  bore  and  case  surfaces. 

The  diffusion  of  compounds  originating  in  the  ingredients  of 
the  grain  formulation  appears  to  be  a  major  factor  in  development  of  the  re¬ 
fractive  type  reaction  sites.  The  decrease  in  reaction  site  concentration 
with  increasing  temperature  may  be  due  to  a  volatile  compound  which  escapes 
from  the  open  bore  surface,  is  trapped  at  the  case  wall,  and  exists  in  equi¬ 
librium  with  the  bore  atmosphere  of  the  sealed  motor.  Development  of  the 
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greatest  reaction  site  concentration  at  lower  temperatures  is  thus  tentatively 
explained  by  a  longer  residence  time  of  a  volatile  constituent  in  the  grain. 

D.  DISTRIBUTION  OF  COLORED  REACTION  SITES  IN  THE  HAWK  MOTCR 
1.  Microscopic  Studies 

The  iirtribution  of  colored  reaction  sites  in  the  booster 
section  of  the  Si  year  old  Hawk  grain  is  shown  in  Figure  18.  The  photograph 
is  of  a  sample  located  in  a  radial  position  18  inches  from  the  fore  end  of  the 
motor  (Firure  1).  The  nearly  opaque  reaction  sites  were  photographed  in  black 
and  white  by  transmitted  light.  The  frequency  is  greatest  in  Zone  A  adjacent 
to  the  sustainer,  and  there  is  a  rather  abrupt  decrease  in  frequency  and  an 
increase  in  size  at  Zone  B.  Zone  B  shows  a  gradational  decrease  in  size  and 
an  increase  in  frequency  t-iwird  the  surface.  In  Zone  C  a  fairly  uniform 
distribution  of  the  smallest  reaction  sites  is  shown.  Rome  refractive  type 
v  sites  have  been  observed  in  Zone  C  near  the  ray  surface. 

Discussion 

The  precipitation  into  the  colored  rings  are  the  result  of  an 
iron  complex  formed  within  t.he  formulation.  Zone  A  has  been  influenced  by  the 
proximity  of  the  adja^nt  sustainer,  which  contains  more  FeAA  than  the  booster. 
Apparently,  there  has  heen  bulk  migration  of  iron  across  the  bipropellant  inter¬ 
face  creating  Zone  A,  but  the  actual  iron  concentrations  have  yet  to  be  deter¬ 
mined.  The  high  frequency  and  small  size  of  sites  in  Zone  C  at  the  surface 
represents  a  high  rate  of  site  formation  with  a  slow  rate  of  growth.  There  is 
a  size  and  frequency  gradient  in  Zone  B.  The  size  of  the  sites  increase  and 
their  size  frequency  decrease  ap:  roacr.ing  Zone  A.  Possibly  Zone  C  nearer  the 
bore  surface  was  more  c  rnpletely  exposed  to  maximum  thermal  cycling  (heat  flow) 
with  thermal  gradients  decreasing  toward  the  B/C  Zone  line.  Zone  B  was  exposed 
to  a  relatively  more  cci.ct.iiit  thermal  environment  with  the  most  thermally 
stable  environment  near  the  ?  yA  ^or.e  line.  Any  specific  changes  eventually 
detected  in  Zone  C  may  le  considered  possible  intrusion  of  atmospheric  agents. 

E.  SUMMARY  IF  MICROSCOPY  CRAIN  AGING 

In  comparing  the  distribution  of  refractive  type  sites  to  the 
colored  sites,  it  is  shown  that  a  larpe  radial  concentration  gradient  exists 
for  the  refractive  site  and  the  gradient  is  much  less  or  even  reversed  for  the 
colored  site.  This  ic  4rue  for  the  refractive  sites  in  the  model  grain  as  well 
as  those  in  the  full  scale  5f-year  old  Polaris  Cycling  Unitd'  (see  also  Figure 
2  and  11).  Incidently,  this  illustrates  the  good  correlation  between  the 
microscopic  aging  characteristics  of  model  grains  and  full  scale  motors.  In 
the  Hawk  field  motors,  a  radial  color  gradient  from  red-orange  near  the  bi¬ 
propellant  interface  to  the  blue-green  near  the  bore  surface  was  observed  at 
the  U^-year  period.  (The  red-orange  color  shells  are  not  observed  in  the  model 
grain.)  The  color  gradient  possibly  due  to  iron  in  different  oxidation  states, 
was  indicative  of  a  reducing  environment  at  the  bore  end  of  Zone  B  and  of  an 
oxidizing  environment  at  the  bipropellant  interface.  At  the  end  of  Si  years, 
the  color  rings  had  developed  characteristic  black  shells  indicating  a  change 
of  the  oxidizing  media  to  a  stronger  reducing  environment. 
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HAWK  FIELD  MOTOR,  5-1/2  YRS,  DISTRIBUTION  OF 
COLORED  REACTION  SITES  AT  FORWARD  END 


S  ustainer 


Magnification  6X 
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Figure  18 


In  summary,  reactive  compounds  contained  in  the  formulation  appear 
to  diffuse  locally  or  throughout  the  propellant,  in  part,  driven  by  a  thermal 
gradient,  and  react  or  precipitate  in  a  transient  oxidation  gradient,  at  a 
reaction  rate  dependent  upon  their  residence  time.  Interaction  with  inwardly 
diffusing  atmospheric  agents  also  may  occur.  These  various  reactions  result 
in  modification  which  could  affect  both  mechanical  and  ballistic  properties. 

The  more  exact  nature  of  these  reactions  must  be  defined. 

IV.  CHEMICAL  STUDIES 

Chemical  analysis  of  the  propellant  from  a  Polaris  Cycling  Unit  was 
continued.  Further  attempts  were  made  to  separate  into  components  the  degraded 
portion  of  the  binder.  Thin  layer  chromatography  (TLC)  of  the  ethylene  di- 
chloride  soluble  fraction  showed  that  the  mixture  was  more  mobile  on  alumina 
(basic)  than  on  silica  gel  (acidic),  demonstrating  that  the  components  are 
basic.  A  more  quantitative  analysis  of  the  degraded  binders  was  attempted  by 
gas  chromatography  of  the  soluble  fraction.  A  sample  was  injected  into  a 
chromatograph  and  passed  through  a  2-ft  column  containing  a  non-polar  silicone 
coated  support  which  was  heated  at  a  constant  rate  to  300°C.  No  detectable 
amount  of  material  passed  through  the  column  showing  that  the  molecular  weights 
of  the  degraded  fragments  are  still  too  large  for  gas  chromatography. 

In  order  to  obtain  larger  amounts  of  material  for  chemical  analyses, 
a  portion  of  the  soluble  degraded  binder  was  chromatographed  through  a  column 
containing  alumina  (pH  »  U)  and  another  portion  through  a  column  containing 
alumina  (pH  -  10).  Each  column  successfully  resolved  the  original  mixture 
into  at  least  three  components  which  have  identical  infrared  spectra  (Figure 
19)  and  thus  are  similar  chemically.  This  experiment  will  be  repeated  on  a 
larger  scale  to  obtain  enough  sample  size  for  further  chemical  analysis. 

A  soluble  fraction  from  a  sample  of  the  non-degraded  binder  was  also 
examined  by  thin-layer  chromatography.  The  mobility  of  the  mixture  from  the 
non-degraded  binder  was  lower  than  that  of  the  mixture  from  the  degraded 
portion.  This  would  indicate  that  the  average  molecular  weight  of  the  frag¬ 
ments  in  the  degraded  binder  was  lower.  The  infrared  spectra  of  the  various 
fractions  from  either  the  degraded  or  non-degraded  binder  are  identical  and  are 
typical  for  a  polyurethane.  It  appears  that  the  major  differences  between  the 
degraded  and  non-degraded  sections  is  the  presence  of  longer  polyurethane 
fragments  in  the  non-degraded  section  of  propellant. 

A  set  of  experiments  is  underway  with  the  objective  of  defining  the 
chemistry  of  the  phenomena  observed  by  microscopic  examination.  Attempts  will 
be  made  to  define  the  minimum  number  of  chemical  components  that  are  required 
to  produce  the  phenomena  cited  above.  For  this  purpose,  a  stock  polyurethane 
binder,  with  a  composition  similar  to  that  used  in  a  Minuteman  igniter  formu¬ 
lation,  has  been  chosen  as  the  reaction  matrix.  Into  this  uncured  binder  will 
be  added,  individually  and  then  in  combination,  the  following  compounds:  Al, 
NH4C104,  FeAA,  copper  chromite.  Each  of  the  test  samples  will  be  examined 
microscopically  at  intervals  for  evidence  of  color  centers,  high  refractive 
index  material,  etc.  Those  samples  that  show  evidence  of  unusual  behavior 
will  be  investigated  chemically. 


TYPICAL  INFRARED  SPECTRUM  OF  MATERIAL  FROM  DEGRADED 
POLARIS  BINDER  CHROMATOGRAPHED  ON  ALO,  COLUMN 
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Figure  19 


Wavelength  (Microns) 


V. 


FUTURE  WORK 


The  concentrations  and  distribution  of  various  sites  will  be  determined 
and  compared  to  those  from  subsequent  sampling  periods  and  from  field  motors. 
Special  attention  will  be  devoted  to  changes  observed  in  the  model  grains. 

The  chemical  analyses  will  be  continued  and  attempts  will  be  made  to  obtain 
an  analysis  of  an  actual  aging  site, 
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Extensive  analyses  "~e  made  of  the  number,  size,  and  distribution  of 
refractive  type  reactive  sites  ir.  model  grains  aged  at  110,  120  and  130°F. 

Another  grain  aged  at  180°F  showed  the  formation  of  only  very  few  aging  sices. 

The  analyses  led  to  mapping  of  the  sites  on  the  basis  of  contours  proportional 
to  the  volume  concentration  of  the  sites.  The  volume  concentration  was  greatest 
in  the  samples  aged  at  110°F  and  decreased  with  increasing  aging  temperature. 

This  effect  was  interpreted  in  terms  of  a  volatile  component  whose  residence 
time  in  the  model  grains  was  a  function  of  the  temperature. 

A  further  analysis  of  colored  reaction  sites  was  made.  A  blue  halo  observed 
by  dark  field  phase  contrast  optics  was  explained  in  terms  of  Rayleigh  scattering 
from  molecular  size  particles.  The  color  of  these  sites  seemed  to  be  caused  by 
the  oxidation  state  of  the  iron  compounds,  in  the  propellant  and  to  be  indicative 
of  the  oxidation  state  of  the  environment. 

Chemical  analyses  by  chromatography  and  infrared  indicated  that  visibly 
degraded  propellant  differed  from  aged,  non-degraded  propellant  only  in  the  size 
of  the  fragments.  Both  propellants  contained  fragments  which  were  chemically 
identical  and  typical  for  a  polyurethane  system. 


DD  1473 


UNCLASSIFIED 


Security  Classification 


UNCLASSIFIED 


Security  Classification 


KEY  WORDS 


Grain  Aging 
Propellant  Aging 
Microscopic  Techniques 
Hawk  Agi  ng 
Polyurethane  Aging 
Pciaris  Aging 

Minuteman  Igniter  Propellant  Aging 
Aging  Reaction  Sites 
Accelerated  Aging 

Thin  Layer  Chromatography  of  Aged  Propellant 
Infrared  Analysis  of  Aged  Propellant 


INSTRUCTIONS 


t.  ORIGINATING  ACTIVITY:  Enter  the  name  and  addreas 
o(  the  contractor,  subcontractor,  grantee.  Department  of  De¬ 
fense  activity  or  other  organization  (corporate  author)  iaauing 
the  report. 

2a  REPORT  SECURTY  CLASSIFICATION:  Enter  the  over- 
,i|i  .ecurity  classifirrtion  of  the  report.  Indicate  whether 
“Restricted  Date”  is  included.  Marking  ia  to  be  in  accord¬ 
ance  with  appropriate  security  regulations. 

2b.  GROUP:  Automatic  downgrading  is  specified  in  DoD  Di¬ 
rective  5200. 10  and  Armed  Forces  Industrial  Manual.  Enter 
the  group  number  Also,  when  applicable,  show  that  optional 
markings  have  been  t  ed  for  Group  .1  and  Group  4  as  author¬ 
ized. 

3.  REPORT  TITLE:  Enter  the  complete  report  title  in  all 
capital  letters.  Titles  in  all  cases  should  he  unclassified. 

If  a  meaningful  title  cannot  be  selected  without  classifica¬ 
tion,  show  title  classification  in  ail  capitals  ii.  parenthesis 
immediately  following  the  title. 

1  DESCRIPTIVE  NOTES:  If  ippropriate,  enter  the  type  of 
rep. lit,  e.g. ,  interim,  progress,  summary,  annual,  or  final. 

Give  the  inclusive  dates  when  a  specific  reporting  period  is 

covered, 

S.  A! if  (fc.'R(b):  Enter  the  namefa)  of  authorfs)  as  shown  on 
ir  tr.  'he  report.  Knt"r  last  name,  first  name,  middle  initial. 

If  mlitsiy,  ..low  rmvk  and  branch  of  service.  The  name  of 
the  principal  ..  dhor  is  an  absolute  minimum  requirement. 

t .  REPORT  DATE:  Enter  the  date  of  the  report  as  day, 
month,  year;  oi  month,  year.  It  more  than  one  date  appears 
on  the  report ,  use  date  of  publication. 

TXVi  AL  NUMBER  CfK  PAGES:  The  total  page  count 
should  foil  .v  normal  pagination  procedures,  i.e.,  enter  the 
number  of  pages  containing  information. 

7  i.  NUMBER  OF  PEFFRFNCES:  Enter  the  total  number  of 

references  cited  .n  tile  report. 

S  .  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
"n  upph  .He  number  of  the  contract  or  grant  under  which 
the  report  whs  written. 

8b,  Hr,  Sc  8d.  PROJECT  NUMBER:  Enter  the  appropriate 
military  depurtmeu:  identification,  such  as  project  number, 
subpiojcci  number,  system  numbers,  task  number,  etc, 

da.  ORIGIN  ATOM'S  REPORT  NUMBFR(S):  Enter  the  offi¬ 
cial  report  i -Tiber  by  which  the  document  will  be  identified 
ud  conn 'died  by  the  originating  activity.  This  number  must 

be  unique  to  the,  report, 

‘ib  OTHER  REPORT  NUMBF.R(S):  If  the  report  has  been 
assigned  any  other  repert  numbers  (either  by  the  originator 
r  v  the  sponsor),  also  enter  this  number(s). 

U>.  AH.  ABILITY/LIMITATION  NOTICES:  Enter  any  11m- 
it.it  ns  on  further  dissemina’i,on  of  the  report,  other  than  those 


imposed  by  security  classification,  using  standard  statements 
such  as: 

(1)  “Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC” 

(2)  “Foreign  announcement  and  dissemination  of  this 
report  by  DDC  is  not  authorized.” 

(3)  “U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  request  through 


“U.  S.  military  agencies  may  obtain  copies  of  this 
report  directly  from  DDC.  Other  qualified  users 
shall  request  through 


(S)  "All  distribution  of  this  report  is  controlled.  Qual 
ified  DDC  users  shall  request  through 


If  the  report  has-been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi¬ 
cate  this  fact  and  enter  the  price,  if  known. 

1L  SUPPLEMENTARY  NOTES'  Use  for  additional  explane, 
tory  notes 

12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  (pay¬ 
ing  tor)  the  research  and  development.  Include  address 

13.  ABSTRACT:  Enter  an  abstract  giving  a  brief  and  factual 
summary  of  the  document  indicative  of  the  report,  even  though 
it  .nay  also  appear  elsewhere  in  the  body  of  the  technical  re¬ 
port.  If  additional  space  is  required,  a  continuation  sheet  shall' 
be  attached. 

It  is  highly  desirable  that  the  abstract  of  classified  reports 
be  unclassified.  Each  paragraph  of  the  abstract  shall  and  with 
an  indication  of  the  military  security  classification  of  the  in¬ 
formation  in  the  paragraph,  represented  as  ( TS }.  ( S).  (C).  or  ( U) 

There  is  no  limitation  on  the  length  of  the  abstract.  How¬ 
ever,  the  suggested  length  is  from  ISO  to  22S  words. 

14-  KEY  WORDS:  Key  words  are  technically  meaningful  terms 
.or  short  phrases  that  characterize  a  report  and  may  be  used  as 
indez  entries  for  cataloging  the  report.  Key  words  must  ha 
selected  ro  that  no  security  classification  is  required.  Identi¬ 
fiers.  such  as  aquipment  model  designation,  trade  name,  military 
protect  code  name,  geographic  location,  may  be  usdd  as  key 
words  but  will  be  followed  by  an  indication  of  technical  con¬ 
test.  The  assignment  of  links,  rules,  and  weights  ia  optional.  . 


UNCLASSIFIED 


Security  Classification 


